An electron microscopic study was made on the fine structural differences in the motor endplates among the red, white and intermediate muscle fibers of the human intercostal muscles and the following results were obtained: 1) In the motor endplate of the red fiber, the junctional folds appear on the whole as simple comparatively unbranched folds, while in that of the white one they are branched and anastomosed in a complicated manner. In the motor endplate of the intermediate fiber, the character of the folds is intermediate between those of the red and white fibers.
Several electron microscopic studies of the structural differences among the red, white and intermediate muscle fibers in laboratory animals have been reported in recent years.1-3 But it is only recently that a few studies concerning the differentiation of motor endplates have appeared. [4] [5] [6] In general, each different type of striated muscle fiber has a motor endplate of different structure, especially with respect to the junctional fold.
The major point of disagreement among the several investigators concerns the structural differences among the three fiber types in human striated muscle. It was established in the previous paper7 that distinct differences exist in the ultrastructure of the three fiber types in human intercostal muscle. The present study was undertaken to demonstrate the morphological features of the fine structure of human motor endplates in the different muscle fiber types. It is hoped that this information will facilitate interpretation of pathological alteration of motor endplates in various diseases.
MATERIALS AND METHODS
The removal of human intercostal muscle was performed under general anesthesia material, the opacity of which resembles that of basement membrane material . This material also fills the space between the plasma membrane of the muscle fiber and that of the terminal branchlet. And of some interest is the presence of one membrane system in the myofibrous space. This is probably related to the nervous system since it tends to emerge chiefly at the level of motor endplate . Although this combination of basic components occurs in all three types of motor endplate of human intercostal muscle fiber , fine structural differences in motor endplate among the red, white and intermediate fibers may be clearly identified as follows:
The motor endplate of the red fiber: The red fiber is seen to contain a large number of mitochondria. Mitochondrial aggregations beneath the sarcolemma are observed especially close to the junctional sarcoplasm . The junctional sarcoplasmic region associated with the axon branchlet is relatively narrow and flat. The space formed by the rebranching of the axon branchlet is wide and occupied by a sarcoplasmic bridge but is lacking in junctional folds . The terminal branchlet is rather large and with oval outline . The profile of the junctional folds generally keeps its simplicity and rarely branches to anastomose as is seen in the white fiber. Generally the depth of the folds is shallow. Large vesicles with a single membrane espeically accumulate at the bottom of the folds and are frequent ly observed in the interfibrillar space.
The motor endplate of the white fiber: The white muscle fiber with motor endplate is seen to contain a smaller number of mitochondria. The junctional sarcoplasmic region at the axon branchlet is wide and contains numerous junctional folds in contrast to those in the red fiber. The profile of junctional folds increases in complexity, roughly oriented to the plane of sectioning and shows several samples of branching and mutual contact through anastomoses. The majority of the entrances are located within only a limited part of the series . This shows that the l ength of the folds increases considerably as the folds extend toward the sarcoplasm. The terminal branchlet splits into two or more parts separated by sarcoplasmic bridges, rich in junctional folds. This division is due to a sharp curvature in the branchlet with the concavity oriented towards the underlying muscle fiber. When ,comparing these folds with those in the red fiber, it is evident that the appearance of he different junctional folds has changed markedly. Actually they encircle the cleeper part of the branchlet and the continuity of the folds underlying the branchlet is thus demonstrated. Large vesicles with a single membrane such as ire seen also in the red fiber are dispersed not only at the bottom of the folds but also at the edge.
The motor endplate of the intermediate fiber: The junctional sarcoplasmic egion is as wide as in the white fiber. The profile of the junctional folds which ,accommodate the terminal branchlet is of an intermediate character between those of he red and the white fiber. Namely, some junctional folds are simple, unbranched F. Murata and T. Ogata and shallow in depth as in the red fiber, but others are complicated, more branched and anastomosed, and deep in depth as in the white fiber. Each terminal branchlet with elongated or oval outline is isolated by the junctional sarcoplasm which contains numerous large vesicles. These vesicles of various size are observed aggregated around the folds, especially at the edge and bottom.
Discussion
Recent histochemical11-13 and electron microscopic studies1-3 reveal that the three different types of mammalian striated muscle fiber, the red, white and intermediate muscle fiber, can be distinguished by their differences in size and by their contents of mitochondria.
In the mammalian muscle, it is well established from cytological studies14,15 that the extraocular muscle and cricothyroid muscle have different types of motor endplate, namely, the slow fiber has the "en grappe" type and the fast fiber the "en plaque" type motor endplate . However, in other muscles of mammals, for example, the limb muscles, it was generally accepted that there are no differences in motor endplate of different types of muscle fibers.
Ogata16 reported that the structural differences in the red, white and inter mediate muscle fibers of the mouse limb muscle were demonstrated by double staining of cholinesterase and succinic dehydrogenase; namely, the motor endplate of the red fiber has a small, simple and compact structure, while that of the white fiber a large and complicated interlacing structure. And the endplate of the intermediate fiber is of a medium size and has a moderately developed structure. Ogata et al. 4 and Padykula and Ganthier5 using the electron microscope, observed that distinct differences exist in the ultrastructure of motor endplate of red, white and intermediate fibers of the rat on the basis of the shape and arrangement of junctional folds.
In the present study, it was elucidated that the basic differences in structure in the motor endplate of human red, white and intermediate fibers are similar to those reported in the rat motor endplate. A clear-cut difference in the form and volume of the junctional invagination is observed in each fiber type. Consequently, the entire invaginated plasma membrane surface in the white fiber is greater than that in the red fiber in view of the fact that the junctional folds are found to occupy a wider area of the junctional sarcoplasm, they are more numerous, and they are deeper and more branched than those of the red fiber. And in the intermediate fiber the structure of the motor endplate is intermediate between those of the red and the white fiber.
With due reservation because of the small amount of materials thus examined, we may state that the structural differences between the human motor endplates and those previously described in the rat4 are: 1) In the content of mitochondria in the junctional sarcoplasm, in the rat motor endplate, there is generally a marked aggregation of mitochondria in the junctional sarcoplasm, while in the human motor endplate, such a mitochondrial aggregation is usually absent but is occasiona fly present in the red fiber.2) In the vacuolar system in the junctional sarcoplasm, a marked vacuolated appearance of the vesicular component present in the junctional sarcoplasm is characteristic of the human motor endplate. This differs from that of synaptic vesicles, and is presumed to derive from the sarcoplasmic reticulum as described by de Harven and Coers,9 because such vesicles can frequently be found in the interior of the fiber and also one micrograph shows apparent continuity between one of these vesicles and the lumen of secondary cleft. These vesicles are scanty in the rat.3) In all the three types of human fiber the number of mitochondria in the interfibrillar spaces decreases as the sarcoplasmic reticulum increases.
Padykula and Gauthier5 described that in the nerve endings of the white fiber of the diaphragm, axoplasmic vesicles were more numerous and more closely packed than in the red fiber. However, in our observation there is no correlation between the contents of synaptic vesicles of the red and the white fibers.
In the course of our investigation, when rat muscle tissue that has been well fixed with a glutaraldehyde is subsequently post-fixed with osmium tetroxide, both muscle and nerve component more certainly preserved in morphological beauty than in that fixed with the latter alone. However, we noted one deterious effect on the human muscle of using glutaraldehyde as a primary fixative. An apparent coarsening of the preservation of sarcoplasmic components occurs, and vesicles of varying sizes easily become swollen and empty looking, though other cell structures may be none the less fairly well preserved. When osmium tetroxide was used alone, this coarsening was not so marked, but instead possibly there has been a shrinkage.
In the electron microscopic study of human materials, particularly in working with muscle tissue, it is difficult to establish criteria of good preservation, perhaps because a biopsy of the human tissue is often performed under general anaesthesia with blocking agents. Further studies in this direction are in progress. 
